Objective: To provide medical kit recommendations for short mountain wilderness recreation trips (hiking, trekking, backpacking, mountaineering etc.) based on the epidemiology of injury and illness sustained and best treatment guidelines. Additionally, to compare these recommendations to the medical kit contents of mountain climbers in Colorado. Methods: A primary literature review concerning the epidemiology of injury and illness in mountain wilderness settings was performed. This information and literature on the efficacy of given treatments were used to derive recommendations for an evidence-based medical kit. The contents of 158 medical kits and the most likely demographics to carry them were compiled from surveys obtained from mountain climbers on 11 of Colorado's 14 000-foot peaks. Results: Musculoskeletal trauma, strains, sprains and skin wounds were the most common medical issues reported in the 11 studies, which met inclusion criteria. Adhesive bandages (Band-Aids) were the most common item and non-steroidal anti-inflammatory drugs were the most common medication carried in medical kits in Colorado. More than 100 distinct items were reported overall. Conclusion: Mountain climbing epidemiology and current clinical guidelines suggest that a basic mountain medical kit should include items for body substance isolation, materials for immobilization, pain medications, wound care supplies, and medications for gastrointestinal upset and flu-like illness. The medical kits of Colorado mountain climbers varied considerable and often lacked essential items such as medical gloves. This suggests a need for increased guidance. Similar methodology could be used to inform medical kits for other outdoor activities, mountain rescue personnel, and travel to areas with limited formal medical care.
Introduction
The popularity of outdoor recreation, particularly in mountainous environments, has been increasing for decades. 1, 2 In 1950,
Mt. Rainier National Park issued 238 climbing permits. In 2014, this number had risen to 10 949. 3 Similar increases in us-peaks in Colorado are climbed in 1 day. 11 While recommendations exist on the content of medical kits, these recommendations often address expedition-length trips and/or are based on expert opinion.12-15 Epidemiology-based recommendations for shorter trips (1-36 hours from formal medical care) could optimize kit composition, improve care, reduce morbidity and mortality, prevent trips from ending early, lighten loads and reduce the use of Search and Rescue (SAR).
A variety of studies have examined the epidemiology of illness and injury sustained while climbing mountains. While a systematic review of injury rates for technical climbing has been performed, 1 no previous synthesis of injury and illness sustained during non-technical mountainous recreation (hiking, scrambling, hillwalking 16 ) was identified. Individual studies have analysed incident reports created by SAR,16-19 mountainous National Park Services 20, 21 or hospitalizations. 22 Other studies have investigated incident logbooks kept by guides or medical directors during National Outdoor Leadership (NOLS) classes 23, 24 and adventure races 10 While heterogeneity exists between these studied environments, a synthesis of this data would provide an epidemiology of mountain recreation injury and illness that could be used to identify common conditions. Medical kits for mountain wilderness trips should satisfy several requirements. Items carried can be separated into medical supplies (materials used to prevent, diagnose, and/or treat injuries and illnesses) and medications. Survival equipment, such as warm clothing and communication devices, contribute to health and safety, but are not directly used to diagnose or treat illness. Such equipment is considered separate from medical supplies and therefore not reviewed in this study. Travelling in the mountains is physically demanding, thus minimizing the size and weight of carried items is essential. 25 Medications must be able to withstand the broad temperature ranges and ultra-violet light exposure encountered in mountain environments. 26 Items with demonstrated treatment efficacy for conditions likely to be encountered should receive preference. Additionally, individual trip factors, such as elevation, season, expertise of potential providers, local laws and pre-existing conditions of participants, should affect optimal kit composition. 27 If an individual is not trained to use a given item, it should not be carried. 25 The goals of this study were 3-fold. First, the epidemiology of mountain recreation illness and injury was tabulated to identify commonly encountered conditions. Second, primary literature and best-practice guidelines were used to identify potentially useful medical kit items for the treatment of those conditions in resource-limited, austere environments 1-36 hours from formal care. Lastly, data obtained on medical supplies carried by climbers of Colorado's 14 000-foot peaks was compiled and compared to the kit recommendations derived to identify gaps between commonly carried supplies and optimal practice.
Methods
A PubMed search of English language articles with titles containing 'austere', 'remote', 'wilderness', 'mountain*', 'trek', 'hike' 'climb', 'expedition', or 'alpine' and 'injur*', 'illness', 'accident', 'trauma', 'infection' or 'sickness' was used to identify potentially relevant articles, which were then screened for relevance based on their abstract. Prospective and retrospective studies published later than 1980 containing information regarding the epidemiology of injury and illness sustained while mountain climbing, hiking or mountaineering were included. Exclusion criteria included studies focusing primarily on technical rock climbing or ice climbing, biking and water sports; editorials, expert recommendations and study conclusions; and articles presenting information on the incidence of only a particular type of condition, such as trauma. In cases where a general category (such as traumatic injury) and a subtype (upper extremity injury) were both reported, these categories are not mutually exclusive, and the categories are reported as they are presented in the original study. Subtypes of injury reported in only a minority of studies (such as ankle injury) are reported only as part of their umbrella category (lower extremity injury).
Surveys were collected on the summits of 11 different Colorado 14 000-foot peaks between July and September of 2013 and 2014 as part of a cross-sectional convenience sample. 8 Every climber 18 years old reaching the summit on a given day between 0800 and 1300 were offered surveys. Days with favourable weather were chosen to maximize climber volume, summit success and researcher safety. Each peak was surveyed for 1 day. The survey was a single page and asked mountain climbers to hand write the contents of their medical kit, if they were carrying one. A more detailed explanation of the survey protocol can be found in the Brandenburg et al. study. 8 Survey participants provided demographic data including age, sex, income, race/ethnicity, medical training and status as a group leader, member or solitary climber. Percent of individuals in each demographic category carrying a medical kit was calculated. Differences between groups were statistically analysed using t-tests or one-way ANOVAS on JMP Pro 11.2.1 (Cary, NC, USA) software. The Bonferroni correction was used to adjust the multiple comparisons. As six comparisons were performed, P-values of 0.05/6 or <0.0083 were considered significant.
Results

Epidemiology of Mountaineering Injuries
Initial database search yielded 222 potentially relevant studies. When combined with manual reference search of Wilderness Medical Society practice guidelines, 61 papers on hiking and mountaineering injury were identified. Fifteen of these articles were found to present epidemiological information of injury and illness from hiking, mountaineering or non-technical rock climbing in mountain environments. Two articles were excluded due to providing information only on injury, 28, 29 two were excluded for focusing primarily on technical climbing, 22, 30 and one differed significantly in methodology and is therefore discussed separately. 31 Seven studies presented information from SAR activations, National Park Service incidents or hospital records. The thirteen most commonly reported conditions from these studies are presented in Table 1 . The 13 most commonly reported medical conditions reported in 3 studies of all medical issues during trips or events are reported in Table 2 . The proportion of injuries ranged from 52 to 89%, while illness accounted for the remaining 11-48%. Traumatic injuries were the most commonly reported condition in incidents requiring formal medical care (58-76%), while strains and sprains (25-29%) were more common in studies of events or trips. Soft tissue injuries were common in both (11-23%). Gastrointestinal (GI) upset and flu-like illnesses were commonly reported illness symptoms, though they were less likely than dizziness/lightheadedness to necessitate formal care. Additionally, one study that met the inclusion criteria surveyed every third hiker returning to a trailhead in Volcanoes National Park in Hawaii. It found high rates of scrapes (59%), lacerations (27%) and blisters (37%). 33 
Demographics and Medical Kits of Colorado Mountain Climbers
Three hundred and forty (95.7%) out of the 355 individuals reaching survey sites (summits) elected to participate. Two hundred and twelve (62.4%) of these individuals were carrying medical kits. Table 3 shows the demographic characteristics of the Colorado mountain climbers surveyed, along with the number and percent of individuals in each demographic group carrying medical kits. Increasing income was shown to be the only significant predictor for carrying a medical kit.
Analysis of Medical Supplies Carried by Colorado Mountaineers
One hundred and fifty-eight mountain climbers provided detailed descriptions of what they were carrying in their medical kit. Participants listed 102 distinct items on the survey. Fortysix items were carried by only one mountain climber. The 12 most common items carried are displayed in Table 4 . 'BandAids' and other types of bandages were the most common medical supplies carried. Non-steroidal anti-inflammatory drugs, or NSAIDs other than Aspirin-like ibuprofen and naproxen were the most common medications carried. Types of ointment reported included 'Vaseline' and antibiotic ointment.
Discussion
The three methodologies used in the identified studies all suggest that traumatic injuries, strains, sprains and soft tissue injuries commonly occur during mountain recreation. An optimal medical kit should seek to improve the clinical course or, when possible, definitively treat these, and other, commonly encountered conditions. Below, recommendations are made regarding medical supplies and medications based on the best available evidence. Findings are then contrasted with the items commonly carried by mountain recreationalists on Colorado's 14 000 foot peaks. Table 5 lists medical supplies and medications recommended to treat the conditions identified in this review. The asterisk (*) denotes that a given treatment requires proper training, licensure or prescription for use. Items with asterisks can be removed in order to make the kit applicable to use by the layperson.
Medications for chronic conditions that would have been taken independent of participation in mountain recreation should be continued as directed by the prescribing provider. 27 Additional items may be useful depending on the specific mountain environment (e.g. altitudes >4000 m). The items listed in Table 5 could serve as core contents for any medical kit intended for mountain recreation. Individuals could then build upon this to accommodate personal preferences and experiences. Although no epidemiological data directly addressed the prevalence of body fluid exposures, it is the standard of care for healthcare providers to minimize contact with potentially infectious substances, a practice known as body substance isolation (BSI). 32 Therefore, medical gloves and packaging to dispose of contaminated material, such as trash and plastic bags, should be included in any medical kit. Lower extremity injury is the most frequently reported condition leading to encounters with formal healthcare among mountain recreationalists. Upper extremity, head and spinal injuries are also relatively common. The treatment of severe musculoskeletal injuries in austere environments is limited to initial hemodynamic stabilization and transport. 33 Therefore, quick recognition and escalation of care is crucial. As neurological deterioration in the pre-hospital setting due to inadequate cervical spine stabilization has never been reported, inclusion of a cervical collar may not be waranted. 33 However, extra care should still be taken in moving individuals that would fail the Canadian C Spine Rule, requiring radiological imaging upon hospital arrival. 34 Lightweight splinting materials such as bandanas, elastic wraps, tape and adaptable splints (such as a 'SAM splint' 35 ) can be used in a number of immobilization techniques. 36 Proper splinting technique, is necessary to avoid additional injury.
Pain is a common symptom of both injury and illness and is expected in the majority of conditions identified by this review. Empathy; protection, rest, ice, compression, and elevation; as well as combination NSAID and acetaminophen are likely to aid in the amelioration of pain. 37 Accordingly, elastic wrap, tape, acetaminophen and an NSAID such as ibuprofen and naproxen should be included in any kit. Opioids have a wellestablished role in acute moderate to severe pain management. 37 For ease of use, safety, and small size, an oral opioid is the logical choice. 37 Carrying Naloxone should be considered anytime narcotics may be utilized. As inadequate pain treatment has been shown to increase the risk of developing post-traumatic stress disorder, more potent opioids, invasive routes of administration and other agents such as ketamine do have a role in treating acute traumatic injury in the austere mountain environment. 37, 38 However, due to the potential dangers and possible need for respiratory support, the decision to carry these stronger pain medications should be left to the appropriately trained individual. Soft tissue injuries, including abrasions, lacerations, blisters and burns, are the next most common condition reported (11-23% of incidents). Wound care management should include haemorrhage control, lowering infection risk, promoting healing, reducing discomfort, and optimizing cosmetic outcome. 39 Direct pressure, pressure dressings and tourniquet application are recommended to achieve haemorrhage control, in order of descending preference. 32 These can be accomplished with absorbent dressings, a swath or bandana, and a pen to make the tourniquet and record the time of application. For lowering infection risk, supplies for irrigation are required. Potable water under 6-12 psi is ideal for cleaning wounds and can be achieved with a syringe. 39 Tweezers and needles may also be necessary to remove foreign bodies. 32 Suture kits and cyanoacrylate glues can both be used to close clean wounds that have occurred within 6 hours. 32 Glues require less experience and equipment, and thus are preferred, though their ease-of-use and effectiveness has not been formally evaluated in wilderness environments. Furthermore, appropriately selected hardware grade cyanoacrylate glues are likely appropriate for occasional medical use. 40 While these glues are inferior to pharmaceuticalgrade glues due to structural characteristics and rare adverse effects, they are much less expensive, easily available, sterile, strong, antimicrobial and provide an ideal wound healing environment. 40 Moisture improves wound healing parameters and petroleum jelly is ideal for this purpose. 41 Covering lacerations with clean, protective bandages and covering burns and abrasions with a non-adherent dressing seems reasonable. Evidence for specific dressings as well as their use in general appears to be weak. 42 and has not been studied in wilderness settings. As blisters are common in hiking and mountain climbing, pressure/friction relief such as moleskin, 32 paper tape 43 or potentially duct tape, along with the above wound care techniques, should be utilized. Flu-like symptoms (5-9% of incidents), GI upset (2-11%) and respiratory illness (2-18%) were the most common illnesses and symptoms reported. Additionally, dizziness and lightheadedness were particularly common (4-9%) in cases requiring formal medical attention. Hypothermia was also variably reported (3-12%). These illnesses and symptoms can be caused by a wide range of aetiologies, which makes treatment of the underlying illness difficult to anticipate.
Cold temperatures, high elevation and exertion all contribute to increased fluid losses among mountain travellers. 44 Additional fluid losses from vomiting and diarrhoea are therefore especially concerning. Nausea and vomiting can be treated with prescription dopamine-2 and serotonin-3 antagonists such as metoclopramide and ondansetron, respectively. 45 Diarrhoea can be treated with loperamide (in the absence of fever and blood in the stool) and oral rehydration, such as the sugar and electrolyte packets recommended by the World Health Organization (WHO) mixed with water. 46, 47 Severe fluid loss from these conditions would necessitate emergent evacuation and resuscitation with intravenous fluids. Basnyat et al. 48 diagnosed acute mountain sickness (AMS) in 159 (29.8%) of 550 trekkers travelling to 4234 m during a 1-month period in the Everest region. However, AMS was variably represented in the studies reviewed. Individual trip characteristics, such as elevation and rapidity of ascent, influence overall risk. 49 Dexamethasone or acetazolamide is commonly recommended for the treatment of AMS and nifedipine for the treatment of high-altitude pulmonary oedema (HAPE). 49 As HAPE is rare, routinely carrying nifedipine on short trips is not recommended unless an individual with a personal history of HAPE is present. Descending to a lower elevation is the best treatment for AMS. 49 Therefore, recognition of symptoms is paramount.
The most common item carried by Colorado mountain climbers was 'Band-Aids' TM . 50 Multiple companies manufacture similar adhesive bandages. Popular outdoor sources suggest that the inability of these dressings to stick with moisture and mechanical motion limits their utility in wilderness settings, though no formal research exists to evaluate these claims. Given the frequency with which these bandages are found in commercial kits and carried in medical kits, research on the efficacy of adhesive bandages in wilderness environments may be warranted.
Only seven (4.5%) mountain climbers reported carrying medical gloves in their medical kits and no participants reported having plastic or trash bags with them. One (0.6%) climber carried a syringe. No other item to produce pressured water flow for cleaning wounds was reported. Tissue glue was also very uncommon (n ¼ 2, 1.2%). All medications, other than NSAIDs and aspirin, were carried by less than 14 participants (<8.9%). The items mentioned above are all present in Table 5 , indicating that they, or a comparable substitute, may be useful for short mountain wilderness trips. Possible reasons why these items were not carried include lack of guidance, their absence in many commercially available first aid kits and poor of familiarity with their use. Any education on medical kits should emphasize the need for BSI and the utility of medical gloves. Interestingly, antiseptics, such as betadine, isopropyl alcohol and hydrogen peroxide, were carried by 38 (24.1%) mountain climbers. Antiseptics have no utility in the cleaning of wounds, and therefore should not be carried for this purpose. 32 A 2014 study characterizing medical equipment on board German passenger carrying airliners also reported a high degree a variability among medical kits, 51 possibly indicating that increased guidance may be useful in multiple settings. Individuals with higher incomes were significantly more likely to carry medical kits, possibly due to the cost burden of formal medical supplies and medications. Male sex, increasing age and status as a group leader also correlated with increased percentages carrying medical kits. As group leaders are defined as being responsible for the care and safety of others on the mountain, it was encouraging that 76% carried medical kits.
A surprising lack of studies and peer-reviewed guidance on materials and procedures recommended for the treatment of musculoskeletal injuries in austere environments was identified. Owing to the high prevalence of such injuries, further research into outcomes of treatment supplies and techniques would be particularly useful. Conclusions drawn from epidemiological studies on wilderness injuries and illnesses were greatly limited by the heterogeneity of data reporting. For example, some studies reported only 'lower extremity injury' while others went into 
Limitations
Rates of injury and illness reported in the studies meeting our inclusion criteria are heavily influenced by the method of data collection. Retrospective reviews of SAR, Park Service and hospital records focus on severe incidents, many of which are unlikely to be effectively addressed by a medical kit. Easily treatable complaints are better represented in surveys of recreationalists, but we identified only one study with this methodology. Thus, the true incidence of many conditions that can be effectively addressed with a medical kit may be significantly higher than reported. Also, no common taxonomy of conditions is used among included studies, and therefore the rate of overlapping symptoms and conditions is not always clear. For example, some studies report the rate of AMS, while others report the rate of lightheadedness, exhaustion, nausea and headache, which limits data interoperability. The term 'mountain wilderness environments' refers to a broad range of specific environments, each with attributes that influence patterns of injury and illness. Most obviously, altitude influences risk of AMS. However, factors such as terrain, humidity and location cause additional variation. Similarly, Wilderness recreation encompasses a broad range of activities, each with unique risks. Many terms, such as alpinism, mountaineering and scrambling have imprecise and overlapping definitions. 8 While we have attempted to limit the included studies to those primarily addressing non-technical mountain climbing and hiking, many studies include a minority of incidents that occurred during participation in other activities. We assume that all clinical conditions in each disease category can be treated in the manner suggested by the cited studies, though individual disease severity, disease course and patient factors may dictate alternative treatment approaches.
It is assumed that items addressing prevalent conditions are most useful. However, treatments with greater impact on a patient's clinical course, such as epinephrine for anaphylaxis, may be more useful despite the condition being less common. Of course, any individual who has experienced a severe allergic reaction should always carry epinephrine in the wilderness. 53 The training level of each individual is another factor that influences what treatments are appropriate in a given scenario. Prior medical experience varies from none to fully licensed physicians. Given that individuals should not carry or use treatments that they are not trained and licensed to use, we have tried to make recommendations that are useful to both novices and experts, though treatment approaches are likely to vary considerably.
The treatment recommendations used in this study often rely on extrapolation from other non-wilderness settings such as hospitals. While such treatment regimens may be directly applicable in the mountain wilderness, this has not always been verified in peer-reviewed literature.
The data from medical kits obtained on Colorado 14 000-foot peaks was gathered during July, August and September. Medical kits carried during other seasons and in other mountains may differ significantly. Mountain climbers were asked to hand write all of the items within their medical kit. Some climbers chose to opt out of this portion of the survey, but still self-reported to be carrying a medical kit. Owing to the methodology used, it is likely that some climbers forgot or neglected to list all of the items, which they were carrying.
Variability also existed in what items were considered part of one's medical kit. For example, 81% of climbers reported that they were wearing sunscreen, while 7.6% listed it as part of their medical kit.
Surveys were distributed on the summits of peaks, excluding unsuccessful climbers and limiting the overall generalizability of findings. This methodology was used to maximize both climber participation and capture, by a solitary investigator, as mountains have multiple routes and climbers tend to rest upon summiting. Furthermore, the authors believe the vast majority of mountain climbers successfully summit on summer days with good weather, though this cannot be verified.
Conclusion
We sought to characterize the epidemiology of mountain wilderness recreation injury and illness to better inform medical kit contents. Traumatic injury, strains, sprains, and soft tissue injuries were found to be particularly common. Our findings along with current clinical guidelines suggest that a basic mountain kit should include items for BSI, materials for immobilization, pain medications, wound care supplies and medications for GI upset and flu-like illness. Other items used in treating altitude sickness and pre-existing medical conditions may also be useful depending on group composition and climbing objectives. Mountain climbers surveyed in Colorado carried wound care supplies and pain medications about half the time but often lacked essential items to maintain BSI such as medical gloves. Significant variation existed among mountain climber's medical kits, suggesting research, education and training are needed to better inform mountain climbers on what items are potentially most useful. This may be particularly helpful for lower-income individuals, who were less likely to carry medical kits, possibly due to a limited ability to purchase supplies.
Sparse data exist regarding conditions that did not necessitate emergency medical service activation. As such, additional studies, which characterize all injury and illnesses encountered during wilderness travel, could potentially improve medical kit recommendations. While some epidemiological crossover likely exists between mountainous and non-mountainous adventure travel, 54 reviewing injury and illness patterns of other activities and environments is likely warranted. Future research would be appropriately directed towards this end for biking, rafting, ocean exploration and space travel as well as other environments such as desert, jungle and maritime. Mountain rescue and other SAR groups may also benefit from such methodology. Ongoing research in validating wilderness diagnostic and treatment techniques will continue to be very important, particularly with regard to musculoskeletal injuries and the use of adhesive bandages in outdoor environments. Finally, mountain recreation epidemiological studies that report the exact types and severity of pathology are needed to more specifically define injury and illness patterns and prevalence.
